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Ml TRANSITION FROM gg /2  ANALOGUE TO ANTI-ANALOGUE 
STATE IN 59Cu,61Cu,65Cu,65Ga AND 67Ga NUCLEI
ABSTRACT
g q /o analogue resonan ces have been found in  th e  
5 8 , 6 0 , 6 2 ^ 2 ^  5 9 , 6 ! , 63Cu and 6 4 ,6 6 Zn (pfY)  65 ,67Ga rea c tio n S f
with s tr o n g  Ml t r a n s it io n s  to  th e  corresponding a n ti-a n a lo g u e  
s ta te s .
KIVONAT
g 9 /2  analóg rezon an ciák at ta lá ltu n k  a 5 8 ,6 0 ,6 2 ^  (р, у)  
5 9 ,6 1 ,6 3 qu a 6 á ,6 6 Zn ( p >Y) ^5>,67Ga jnagreajfciók-ban, amelyek e rő s  
Ml á tm en ette l bomlanak a m eg fe le lő  a n tia n a ló g  á lla p o to k b a .
РЕЗЮМЕ
Были найдены аналоговые резонансы gg/ 2 в ядерных реакциях
58,60,62n í (P , y)5 9 ,6 I ,6 3 Cu и 6^ ’6 6 Zn(p,Y)^5 ,6 7 Gai которые распадают­
ся переходом MI в соответствующие антианалоговые состояния.
Ш t r a n s it io n s  from the ia o b a r ic  resonan ces (IAR) t o  the 
a n ti-a n a lo g u e  s t a t e s  (AIAS) have r e c e n t ly  r e c e iv e d  much a t t e n t io n  
from  both experim en tal and th e o r e t ic a l  p o in ts  o f  view  [1-91 .  I t  
has been p o in te d  out th a t  th ese  t r a n s i t io n s  are stron g  in  2 s - l d  
s h e l l  n u c le i  and are h in dered  by s e v e r a l  orders o f  magnitude in  
th e  low er p a rt o f  the l f - 2 p  s h e l l .  In  a p rev iou s a r t ic le  IlO ] some 
p relim in ary  r e s u l t s  were p u b lish ed  on th e  ^8N i ( p , y)^9Cu r e a c t io n  
which in d ic a te d  th a t th e IAR to  AIAS Ml t r a n s i t io n  s tren g th  r i s e s  
to  th e  order o f  the s in g le  p a r t ic le  s tr en g th  a g a in . In  o rd er  to  
c o l l e c t  more d e ta i le d  in form ation  on th e  g en era l behaviour o f  
th e se  t r a n s it io n s  we have extended our in v e s t ig a t io n s  to  ( p ,y )  
r e a c t io n s  o f o th er  even -even  n u c le i o f  th e upper part o f th e  lf -2 p  
s h e l l ,  namely to  the 5 8 ,6 0 ,6 2 ^  (p,y ) 59»61 ,65Cu and 6 4 ,6 6 Zn
65»67(ja r e a c t i o n s .
The e x p e r im e n ts  w ere p erfo rm ed  w ith  t h e  4- MeV Van de  
G r a a ff  a c c e l e r a t o r  o f  th e  C en tra l R e s e a r c h  I n s t i t u t e  f o r  P h y s i c s .  
The Zn t a r g e t s  w ere e v a p o r a te d  from  n a t u r a l  m e t a l l i c  z i n c ,  t h e  
5 8 ,6 0 ,6 2 щ . t a r g e t s ,  e n r ic h e d  t o  9 7 .6 ,  9 5 .1  and 9 0 .6  %, r e s p e c ­
t i v e l y ,  w ere e l e c t r o p l a t e d  o n to  t h i c k  g o ld  b a c k in g s .  The t o t a l  
(b e a m + ta r g e t)  e n e r g y  r e s o l u t i o n  o f  t h e  sy ste m  w as about 5 keV  In  
e v e r y  c a s e .  A 7 .5  x  7 .5  cm^ NaI(T£) s c i n t i l l a t i o n  d e t e c t o r  was 
u s e d  f o r  th e  s im u lta n e o u s  m easurem ent o f  th e  e x c i t a t i o n  f u n c t i o n s  
f o r  Y - r a y s  o f  e n e r g y
( i )  Ey > Ех -  200 keV
( i i )  'Ey > E2 + 500 keV
( i i i )  E2 + 500 > EY > E2 -  1500 keV,
where E  ^ i s  th e  energy o f th e  f i r s t  e x c i t e d  s t a t e  o f the t a r g e t  
n u cleu s and E2 i s  the ex p ected  energy o f  the IAR-AIAS t r a n s i t io n .  
The e x c it a t io n  fu n c tio n s  were measured in  2 .5  keV s tep s  o v er  a 
r eg io n  o f about 150 keV around the ex p ected  p o s i t io n  of th e IAR-s. 
The d e ta ile d  Y -sp ec tra  were taken by a 50 cur* G e(L i) d e t e c t o r ,
Since a l l  the e x c it a t io n  fu n c t io n s ,  in c lu d in g  th o se  o f  rype 
( i i i )  showed v ery  complex s tru c tu re  ex cep t fo r  th o se  o f th e  
^8Ni (p , y) 59Cu r e a c tio n  ( s e e  F ig . 1 o f  r e f .  [ 1 0 ] ) ,  i t  was n e c e s ­
2sary t o  measure th e  y - s p e c tr a  o f each resonance found in  th e  
covered bombarding energy r e g io n  in  ord er to  get fu r th e r  arguments 
fo r  id e n t i f i c a t io n  o f  IAR-в  beyond t h e ir  p o s it io n . I n  each n u c leu s  
s tu d ied  here reson an ces were found whoee sp ectra  were markedly 
d if f e r e n t  from th o se  o f the o th e r s . T h is  means th a t  only th e se  
resonan ces decay t o  the lo w - ly in g  g^/2 s t a 'fce» an<3- furtherm ore  
th ese t r a n s it io n s  are  the s tr o n g e s t  prim ary ones in  th e  sp ectra . In  
the f i n a l  n u c le i th e r e  i s  o n ly  one known g g /2 s^a‘*=e w h ic h .is  a 
candidate to  be th e  AIAS. In  order to  check the Ml ch aracter  o f  
th ese  t r a n s it io n s  th e  asymmetry parameter I^ q. / I q . was determ ined  
fo r  th e  Cu is o t o p e s .  The o b ta in ed  v a lu es  are in  agreem ent w ith  th e  
m ainly Ml (9 /2 + .-> 9 /2 +) ch a ra cter  e x p ec ted . On the b a s is  o f  th e  
above o b serv a tio n s  the reson an ces o f s p e c ia l  p r o p e r tie s  were 
id e n t i f i e d  as members of th e IAR of th e f i r s t  gg^2 s t a t e  in  th e  
ta r g e t  + neutron system .
The r e s u l t s  are summarized in  T able 1 . I t  can be seen  th a t  
the IAR—s  are v e r y  c lo se  to  th e  expected  p o s it io n s  c a lc u la te d  from  
the and the e stim a ted  [22] Coulomb-energy s h i f t  v a lu e s . While in  
59CU and k^Ga o n ly  one resonan ce seems t o  p o ssess  th e  IAR s tr e n g th ,  
In the o th er  n u c le i  the IAR shows f in e  s tru c tu re  s p l i t t i n g  spread  
over a reg io n  o f s e v e r a l te n  keV. In T able 1 can be found the  
estim a ted  and measured Coulomb-energy s h i f t s  to g e th er  w ith  th e  
deduced symmetry p o te n t ia l  v a lu e s . The Coulomb s h i f t s  are in  good  
agreement with o th e r  experim en tal r e s u l t s  [1 1 ,1 2 ] . The V1 symmetry 
p o t e n t ia l ,  s tr e n g th s  d erived  from the en ergy  s p l i t t i n g  o f th e  
is o s p in  d ou blets [3 ] are rea so n a b le . The accep tab le  v a lu e s  o f  th e  
symmetry p o te n t ia l  are c o n s is t e n t  w ith  th e  assum ption th at th e  AIAS 
s tren g th  i s  m ainly con cen tra ted  in  th e o n ly  known lo w -ly in g  g ^ /2 
s ta te  o f  the f i n a l  n u c le i .
The v a lu es  determ ined f o r  the IAR-ALAS Ml tr a n s it io n s
from th e  measured y ie ld s  are p resen ted  to g e th er  w ith  the s in g le ­
p a r t ic le  e s t im a tio n s  in  Table 2 [3,14-] • There are two t h e o r e t i c a l .
v a lu e s  fo r  e$oh t r a n s it io n s  one i s  c a lc u la te d  w ith  the Schmidt 
g -f& c to r , the o th e r  w ith th e  measured e f f e c t iv e  g - f a c to r  v a lu e  
[1 5 ,1 6 ] . The experim en tal Гу r a d ia t io n  widths were d erived  on the  
assum ption th a t Гр «• I t o t a l . Tb is  approxim ation i s  supported by 
the fo llo w in g  r ea so n in g , p in ce  the n eu tron  channel i s  c lo se d  in  a l l  
c a s e s , on ly  the e l a s t i c  ( Гр)м and i n e l a s t i c  proton w idth (Гр ,)  
and Гу. could make an e s s e n t ia l  c o n tr ib u tio n  to  r to ta l*
However, the measured Y -y ie ld  of the ( p , p *y) r e a c t io n  In d ic a te s  
th at Гр, << Гр . The s in g le  p a r t ic le  e s t im a tio n s  on the o th er  hand,
g iv e  v a lu e s  o f about 100 eV and 10 eV f o r  the p ro ton  w id th s o f  the
gQ/~ IAR-s in  Gu and Ga is o t o p e s ,  r e s p e c t iv e ly  (rIAR =, s  r ^
\ P  2Т0 ч- 1 s . p . r
hence << Гр , and so th e  approach rp ^  r t o t a l  seems to  Ъе 600^«
Comparing the t h e o r e t ic a l  and experim en tal v a lu e s  of
F ig . 1 and Table 2 ,  i t  i s  c le a r ly  seen  th a t the IAR-AIAS t r a n s i t io n  
s tr en g th  i s  h igh  again  in  th e  n u c le i  w ith  a c lo se d  fr y  s h e l l ,  
alth ough  the d e v ia t io n  from th e s in g le  p a r t ic le  e s t im a tio n  in c r e a se s  
w ith  th e  mass number, l . e .  w ith  in c r e a s in g  number o f  n u cleon s ou tsid e  
the d o u b le -c lo se d  core . S . Maripuu [5 ] and M. H irata  [81 have made 
t h e o r e t ic a l  c a lc u la t io n s  to  ex p la in  th e  strong hindrance o f th e  
IAR-AIAS Ml t r a n s it io n  in  th e  lower p a r t o f  the l f - 2 p  s h e l l .  Accord­
ing to  th ese  m odels the a n ti-a n a lo g u e  c o n fig u ra t io n  i s  ex p ected  to  
mix w ith  d if f e r e n t  co re -p o la r iz e d  c o n fig u ra t io n s  in  which th e  a c t iv e  
nu cleons o f the d o u b le -c lo se d  in e r t  p a r t o f the core are cou p led  to  
a sp in  d if f e r e n t  from z e r o . The adm ixture o f such components canv
s tr o n g ly  reduce th e  M l-tr a n s it io n  p r o b a b il i ty . These c o r e -p o la r iz e d  
s ta t e s  probably do not p la y  a very  im portant r o le  in  th e n u c le i  ju st  
above th e c lo se d  fr y g  ßh e l l ,  an assum ption supported by th e  stro n g  
reappearance o f th e  IAR-AIAS t r a n s i t io n s .  On th e o th er  hand, th e  
in f lu e n c e  o f th e  c o r e -p o la r iz e d  s t a t e s  can keep growing in  impor­
tance w ith  in c r e a s in g  number o f  n u cleon s o u tsid e  th e  d o u b le -c lo se d  
in e r t  p art o f th e  co re , and t h i s  i s  a p o s s ib le  ex p la n a tio n  o f  th e  
decrease o f th e Ml t r a n s it io n  p r o b a b il i ty . U n fo rtu n a te ly , th e r e  i s  
no d ir e c t  experim en tal ev id en ce  y e t ,  f o r  the e x is te n c e  o f c o r e -  
p o la r iz e d  s t a t e s  in  th ese n u c le i ,  a lth ou gh  t h e ir  p resen ce  i s  in d i­
cated  by the r e la t iv e l y  low v a lu e s  o f  th e  sp e c tro sco p ic  f a c t o r s  of 
AIAS-s measured in  proton tr a n s fe r  r e a c t io n s  [17 •- 2 0 ] .  I t  would  
be d e s ir a b le  to  search  fo r  th e  c o r e -p o la r iz e d  s t a t e s  and to  perform  
s h e l l  model c a lc u la t io n s  accord in g  to  [5» 8] fo r  t h i s  n u c lea r  reg io n .
The authors are v e ry  g r a te fu l t o  Dr. J . Ziményi f o r  v a lu ­
able d is c u s s io n s  and c r i t i c a l  reading o f  th e m anuscript and are  
ind eb ted  to  Dr. J . P .  S c h if fe r  fo r  h is  s t im u la tin g  in t e r e s t  in  t h i s  
work.
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FIGURE CAFTIOÍT
F i g .  1 .  A n alogue t o  a n t i - a n a lo g u e  Ml t r a n s i t i o n  s t r e n g t h s  
i n  W eissk o p f u n i t s .  S q u ares i n d ic a t e  f r y 2 ^7 /2  t r a n s i t i o n s  l c i r c l e s  
V3 / 2  P3 /2  t r a n s i t io n s . ;  t r i a n g l e s  gg / 2 + 89/2  t r a n s i t i o n s .  The open
s ig n s  a re  e x p e r im e n ta l  v a lu e s  [ 1 , 2 , 4 , 5 , 9 , 1 3 » 2 1 ] ; f i l l e d  s ig n s  are  
v a lu e s  f o r  s i n g l e - p a r t i c l e  t r a n s i t i o n s  w ith  a s p i n l e s s  c o r e  c a lc u la t e d  
w ith  Schm idt g - f a c t o r s  [ J ] .
»
T a b le  1
Summary o f experim ental r e s u lt s
Target
Parent s ta te AIAS
E L a b
p . r e s .
(keV)a (keY) (keY)b
ДЕахР‘
(keY)
V
(MeV)
Г Г P Y H VO 0 0T T "
(keY) (2J+l)fi
E
(keV) (2J+1)c2S
Гto ta l  
(eY)
V
3071 1 0 .6 5030 3 3538 6898 9441 9408 149 1 .0  +0 .0 9 0.56+0 .06
3719 8458 9326 0 .82+0.08 0.72+0.08
b0Ni 2133 8 .4 5 27I I 1 .4 3725 8466 9326 9334 138 0 . 61+0 .0 7 0 .75+0.08
3735 8476 9346 О.32+0-.04 0 .56+0 .0 9
3751 9817 9233 0 .1  +0.04 —
3774 . 9839 9256 O.2I+O.O5 -
62M 1299 6 .1 2509 2 .9 3786 9851 9213 9268 13О О.45+О.О5 0 .6  + 0 .1
3790 9855 9272 0 .66+ 0 .06 0 .6  + 0 .1
3806 9871 9288 0 .24+ 0 .04 0 .5  + 0 .15
2926 6828 9806 О.29+О.О5
^ Z n 1064 7 .8 2034 4 9823 123
2937 6839 9817 0 .2  +O.O5 -
66Zn 602 8 .4 2063 4 .6 2 3335 8550 9712 9729 122 0 . 32+0 .0 6 -
a /  Error o f th ese  v a lu es  +_ 4 keY 
V  see r e f .  [22]
Table 2
E x p e r im e n ta l and t h e o r e t i c a l  v a lu e s  i n  W .u . . f o r
th e  Ml ( 9 /2 + -»■ 9 / 2 + ) IAE -  AIAS t r a n s i t i o n s *
5 9 c u 61CU 6*Cu 6^Ga 6 ?Ga
Experim ental 0 .83 0 .44 0 .2 0.21 0 .0 6
T h e o r e t ic a l, 
c a lc u la te d  w it h  
Schmidt g - fa c to r s
2 . 7 1 .9 1 .5 1 . 9 1 .5
T h e o r e t ic a l, 
c a lc u la te d  w it h  
e f f e c t iv e  g - fa c to r s
1 . 7 1.2 0 .9 3 1 .2  • 0 .9 3
к
The experim ental v a lu es  are summed up fo r  the members 
o f th e f in e  s tru c tu re  s p l i t t i n g .
-  8  -
5:

6 i , 4 i h

Kiadja a K özponti F iz ik a i  Kutató I n té z e t  
F e le lő s  k iad ó: Erő János, a KFKI 
M agfizik a i Tudományos Tanácsának elnöke  
Szakmai le k to r :  Zimányi J ó z se f  
N yelv i le k to r :  T. W ilkinson  
Példányszám: 230 Törzsszám: 71-5950  
K észü lt а К FKI so k szo r o sító  üzemében, 
Budapest
1 9 7 1 . sz e p te m b e r  hó
